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(54) Friction sti r weldi ng 




(57) A method for joining elements (3,4) to one 




another by means of friction stir welding comprises the 


r fig-1 


following steps: 





clamping the elements (3,4) such that the parts 
thereof which face one another and are to be joined 
are immovable with respect to one another, 
bringing a mandrel Into contact with said parts in 
the region of the joint to be produced, 
cyclic movement of the mandrel (1 0) with respect to 
the elements (3,4) such that frictional heat is gener- 
ated and the parts are brought into the plastic state, 
influencing the distribution of frictional heat in at 
least one of said elements such that the frictional 
heat is essentially concentrated in the parts of said 
at least one element which have been brought into 
the plastic state, and 

allowing the parts brought into the plastic state to 
cool in order to form the joint 
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Description 

[0001] The invention relates to the field of friction 
stir welding (FSW). With this technique elements are 
joined to one another by means of a mandrel which is 
rotating or is movable back and forth and which is 
moved over the boundary surface of the elements. Fric- 
tional heat is generated as a result of the interaction 
between the cyclically moving mandrel and said ele- 
ments. This frictional heat is dependent on, inter alia, 
the contact force and the tracking speed of the mandrel. 
[0002] The characteristic feature of friction stir 
welding is that no melting of the elements to be joined 
takes place. A soft, plastic welding zone is formed which 
is forged under the influence of the cyclic movements of 
the mandrel. 

[0003] This joining technique has the advantage 
that the joint has a high strength which is appreciably 
higher than the strength obtained with fusion welding 
such as TIG (tungsten inert gas) and MIG (metal inert 
gas) welding. 

[0004] A further advantage Is that it is possible to 
Join together alloys and combinations of materials for 
which the conventional welding techniques are unsuita- 
ble. The alloys of the 2000 series (AlCuMg), 6000 series 
(AIMgSi), and 7000 series (AlZnMgCu) used in the air 
freight and aerospace industries may be mentioned as 
an example. 

[0005] For such materials use must be made <?* 
other joining techniques, such as riveting or gluing. 
However, each of these techniques has drawbacks, 
such as fatigue problems and relatively high production 
costs. 

[0006] EP-B 0 615 480 discloses a method for join- 
ing elements by means of friction stir welding. The ele- 
ments are brought into the plastic state by the moving 
mandrel, after which hardening commences and the 
joint is produced. 

[0007] With friction stir welding, it must be possible 
to control the heat balance in a desired manner for the 
purpose of obtaining the plastic state of the elements 
and maintaining this state for a specific period, which 
period is needed In order to obtain mixing of the plastic 
components. 

[0008] In this respect the invention provides an 
improved method for Joining elements to one another by 
means of friction stir welding, comprising the following 



least one of said elements such that the frictional 
heat is essentially concentrated in the parts of said 
at least one element which have been brought into 
the plastic state, and 
5 - allowing the parts brought into the plastic state to 
cool in order to form the joint. 

[0009] Especially in the case of metal elements, 
which have good conductivity in respect of heat and 

io consequently rapidly lose heat, it is important to con- 
centrate the heat as far as possible at the location of the 
joint By this means the plastic state can be achieved 
more rapidly. Moreover, the cyclic movement of the 
mandrel can be less intensive, whilst nevertheless an 

is appreciable tracking speed remains possible. 

[0010] As a result the production speed can be 
higher without an excessively large amount of energy 
having to be supplied. 

[0011] The method according to the invention can 
20 comprise the step for bringing at least one element into 
contact with an Insulator which has a lower coefficient of 
thermal conductivity than the elements. Preferably, the 
major proportion of the surface of the element is 
brought into contact with the insulator. 
25 [0012] In combination with restricting the dissipa- 
tion of heat in certain regions of the elements, acceler- 
ated dissipation of heat in other regions can be 
desirable. To this end the method according to the 
invention can comprise the step for bringing at least one 
30 element into contact with a heat conductor which has at 
least the same coefficient of thermal conductivity as 
said element. 

[0013] As a consequence of these measures a 
good resultant joint can be obtained if a rotary mandrel 

35 which has a circumferential speed of at most 37 m/min 
and preferably in the region of 20-31 m/min is used. 
[0014] The mandrel can be moved relative to the 
parts with a tracking speed of at least 400 mm/min. 
[0015] A mandrel which has an external surface 

ao made of ceramic material can also be used. The 
ceramic material can influence the thermal insulation 
and the generation of frictional heat in a desirable man- 
ner. 

[0016] Such a mandrel can have been coated with 
45 a zirconium oxide.or with an aluminium oxide. 

[0017] The Invention will be explained in more detail 
below with reference to set-ups shown in the figures for 
carrying out the method according to the invention. 



clamping the elements such that the parts thereof so 

which face one another and are to be joined are 

immovable with respect to one another, 

bringing a mandrel into contact with said parts in 

the region of the joint to be produced, 

cyclic movement of the mandrel with respect to the 55 

elements such that frictional heat is generated and 

the parts are brought into the plastic state, 

influencing the distribution of frictional heat in at 



Figure 1 shows a perspective view of one set-up. 
Figure 2 shows a cross-section of another set-up. 
Figure 3 shows a product with test strips. 
Figure 4 is a bar chart of the ultimate tensile 
stresses in respect of the test strips in Figure 3. 

[0018] The set-up shown in Figure 1 for butt welding 
of elements to one another has a bed 1 of a machine 
tool. Said bed 1 has a sole plate 2 made of a relatively 
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thermally insulating material. Said sole plate 2 can, for 
3? be made of stainless steel or of trtan.um. 
rooi91 The strips 3, 4 of an aluminium alloy to be 
So one another are Camped on sale i soie plate 2 
by means of the clamping jaws 5, 6 mounted on the bed 
« a lamn innhars7 8 Said clamping bars 7, 8 press 
1TS£7S!S intact w*h the soie plate 2 and 

S^Sii away from the weid, do not become too 

mosoi Those edges of the strips 3, 4 which face 
Te anotheT ^ brought into the plastic state by means 
o the Iry tooi 9 w*h the mandre. 10 (see ^o F^2) 

Te^P ^own in Rgure 2 .s suitable for 
he oLucton of a T construction by friction st.r weld- 
no Fo S purpose the vertica. ieg 3 of the T Is «»m- 

blocks 18, 19, each of which is fixed to the bed 1. 

Te e, h d o!Lta. arm 4 of the T is pressed 
S onto ie vertical ieg 3 by means of 'clamping . bars 
7 8 so Sat by use of the mandrel good m.x.ng of the 
Lteria. which has been rendered plastic can be 

SSf The clamping bars 7, 8 are preferably made 
copper conductors 7, 8 provides the desired heat fa* 

SeenloLdto one another by means of the fnct ton 
STJSSS method described aLove are shown in 
^hart in Flo 4 In total four test strips 14-17 were taKen 
Torn a sample as shown in Figure 3. Said sample com- 
f rom a sampie n» ned t0 one another by means 

T^T^t^ were then sawn into 

mT%lO * shows the resute for a total of 32 test 
S that s to say four test strips with eight samples 
each An ultimate tensile stress of approx.matety 
450 M 5 was determined for virtually all test pieces. 

Claims 

1. Method for joining elements (3, 4) to one , «*tar» 
means of friction stir welding, compnslng the follow 
ing steps: 
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clamping the elements (3, 4) such that the 
parts thereof which face one another and are to 
be joined are immovable with respect to one 
another. 

bringing a mandrel (9. 10) into contact with said 
parts in the region of the joint to be produced 
P cydic movement of the mandre. (9 ^ 10) ^ 
respect to the elements (3, 4) such that fnc- 
S heat is generated and the parts are 
brought into the plastic state, 
. influencing the distribution of fr.ct.onal heat in 
at least one of said elements (3, 4) such that 
the frictional heat is essential* concen rated ,n 
the parts of said at least one element (3 4) 
which have been brought into the plastic state, 

. Sowing the parts brought into the plastic state 
to cool in order to form the joint. 

Method according to Claim 1, comp rising the step 
for bringing at least one element (3, 4) into contact 
with an Uator (2)^hlch has a lower coefficient of 
thermal conductivity than that element (3, 4). 

Method according to Claim 2, comprising the step 
for Mnging the major proportion of the surface of at 
tTone element (3, 4) into contact with the insula- 
tor (2). 

Method according to Claim 1 . 2 or 3. comprising the 
Ld for bringing at least one element (3 4) into 
SntaS I a heat conductor (7. 8) which has at 
SSS. same coefficient of thermal conducts as 
said element. 

. Method according to one of the preceding^ clai ms 
comprising the use of a rotary mandrd (9 1 CO .the 
speed of revolution of which is at most 600 revolu 
tions per minute. 
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Method according to Claim 5, comprising the use of 
J ™nl?<9, 10), the speed of rotation o 
which is in the range of 400 - 500 revolutions per 
minute. 

Method according to one of the preceding <*£ 
comprising the use of a rotary mandrel (9, l^he 
circumferential speed of which is almost 37 m/m.n. 

Method according to one of the preceding claims^ 
comprising the use of a rotary mandrel (9, 10) the 
cSnferential speed of which is in the range of 20 
-31 m/min. 

Method according to one of the preceding I claims 
comprising movement of the mandre. (9 1 0^reJ 
tive to the parts at a tracking speed of at least 4<w 
mm/min. 
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10 Method according to one of the preceding claims, 
' comprising the use of a mandrel (9, 10) having an 

external surface made of ceramic material. 

11 Method according to Claim 10, comprising the use 5 
" of a mandrel (9, 10) having an external surface 

made of zirconium oxide. . 

12 Method according to Claim 10, comprising the use 

of a mandrel (9. 10) having an external surface 10 
made of aluminium oxide. 
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